Thank you for submitting your manuscript on POH1 deubiquitinase functions at DNA double strand breaks for consideration by The EMBO Journal. We have now received the reports of three expert reviewers, which you will find copied below. I am afraid to say that these comments provide insufficient support for publication at this point. While all reviewers acknowledge that your work has resulted in a number of potentially interesting observations, they are not convinced that the present set of data is able to support major definitive conclusions beyond the general notion that POH1 affects the DNA damage response at double strand breaks. In particular, how exactly POH1, its activity, and the 19S proteasome are able to differentially affect 53BP1 and BRCA1/RAP80 recruitment and different repair activities remains insufficiently understood. In addition to these conceptual concerns, all referees also raise a number of substantive criticisms with regard to the technical quality and conclusiveness of some of the data and experiments in the paper.
Thank you for submitting your manuscript on POH1 deubiquitinase functions at DNA double strand breaks for consideration by The EMBO Journal. We have now received the reports of three expert reviewers, which you will find copied below. I am afraid to say that these comments provide insufficient support for publication at this point. While all reviewers acknowledge that your work has resulted in a number of potentially interesting observations, they are not convinced that the present set of data is able to support major definitive conclusions beyond the general notion that POH1 affects the DNA damage response at double strand breaks. In particular, how exactly POH1, its activity, and the 19S proteasome are able to differentially affect 53BP1 and BRCA1/RAP80 recruitment and different repair activities remains insufficiently understood. In addition to these conceptual concerns, all referees also raise a number of substantive criticisms with regard to the technical quality and conclusiveness of some of the data and experiments in the paper.
I am not going to repeat all individual points of criticism in detail here in this letter; however, I hope you understand that in light of these various reservations and critical opinions, we are not in a position to invite -and thus to some degree commit to -a revised version of this manuscript. As we receive a high number of submissions, we can unfortunately immediately proceed only with those manuscripts that receive elevated enthusiasm from at least a majority of referees already upon initial review, and that appear sufficiently close to becoming publishable during a limited revision period. In any case, I would like to thank you for the opportunity to consider this work. I am sorry we cannot be more positive on this occasion, but in any case hope that you will find the comments and suggestions of our referees useful for improving the manuscript and/or for your further work on this subject.
Specific concerns:
1) Figure 3A has several issues that warrant attention. The cell shown in the non T group is ~2-3 times bigger than in either the RNF8 or BRCA1 KDs. In addition, the background for the PMSC5 IRIF is much higher in the RNF8 and BRCA1 KDs than in the non T control. The authors should reexamine the data and select more representative images.
2) Fig 4B is potentially misleading. Poh1 KD shows an increase in ubiquitin conjugates following IR using an antibody for Ub-H2A. This data is potentially misleading because Poh1 knockdown may lead to increased Ub-H2A because of reduced hydrolysis at DSBs, and additionally, because of reduced deubiquitination of Ub-H2A at the proteasome in other subcellular locations. The experiment should be repeated in RNF168 or RNF8 mutated cells to determine the specific influence of Poh1 on DSB associated ubiquitin.
3) Fig 4H -Individual KD of Poh1 or 53BP1 reduces NHEJ, however, double KD restores it to higher levels than controls. The authors speculate that elevated 53BP1 in Poh1 deficient cells is inhibitory to NHEJ. There is a substantial body of literature that 53BP1 is required for NHEJ. To my knowledge, there is no evidence that elevated 53BP1 reduces NHEJ. The authors should avoid being overly speculative in this case. I would also like to see this experiment repeated in a different context to ensure its validity. For example, Poh1 knockdown in 53BP1-/-MEFs.
4) The authors again speculate in Fig 5 that increased K63-Ub from Poh1 KD is different than the K63-Ub used to attract RAP80, therefore resulting in elevated 53BP1. This is again overly speculative. It is sufficient to simply present the data without so much speculation.
5) It is interesting that the Poh1 JAMM mutant maintains interaction with its known partners, but shows reduced DSB localization. How does this happen? 6) Why are BRCA2 levels increased in JAMM mutant cells (Fig 6H) ? In addition, the post-damage IP between Poh1 WT and BRCA2 is not convincing and should be repeated.
Referee #2
Butler et al., EMBO J_Feb2012 "The proteasomal de-ubiquitinating enzyme POH1 modulates poly-ubiquitin responses to doublestrand DNA breaks"
The authors proposed that the 19S proteasome regulatory particle is recruited to DNA damage sites and is required for lysine 63 (K63) polyUb modification processing at damage sites in the DNA damage response, which is critical for 53BP1 accumulation. They showed that in the absence of POH1, a DUB in the 19S regulatory particle, DNA damage induced Ub foci (detected by FK2 antibody) and Ub K63 foci were increased. In addition, 53BP1 recruitment to DNA damage sites was enhanced in POH1-deficient cells, forming larger IR induced foci, while BRCA1 and Rap80 foci formation was largely not affected. They showed that POH1 and another 19S regulatory particle component PSMC5 localized to IR induced foci and these localization dependents on RNF8 and Ubc13. They argued that POH1 DUB activity and intact 19S regulatory particle is responsible for processing K63 polyUb and restricting 53BP1 accumulation. POH1 DUB inactive mutant or knocking down another component of the 19S particle PSMD7 led to a similar phenotype as knocking down POH1. They further proposed that K63 polyUb are processed by both BRCC36 complex and POH1 complex (19S particle) and only the K63 polyUb processed by POH1 results in increased accumulation of 53BP1. Knocking down Rap80 increased K63 polyUb level but not much of 53BP1 accumulation at DNA damage sites.
There are a few concerns regarding the model that the authors proposed. First, is the whole intact 19S regulatory particle recruited to DNA damage sites? The authors showed both POH1 and PSMC5 localized to DNA damage sites that partially colocalize with pH2AX (see comments on figures), yet it is not known whether this represents the intact 19S regulatory particle. Second, is POH1 or the 19S directly involved in processing K63 polyUb? The author showed that knocking down POH1 led to increased polyUb foci formation and K63 foci formation, however this could be through indirect effect. Is H2A Ub with K63 linkage affected in POH1 knockdown cells (see comments on figures)? What about K48 polyUb since RNF8 also initiates K48 polyUb formation? Finally, how 53BP1 accumulation is affected by POH1 deficiency and how it is related to K63 polyUb formation? The authors have quantified foci formation in three different aspects, number of foci per cell, intensity of the foci, and area of the foci. Unfortunately the authors kept changing quantification measurement in different experiments, thus it is hard to make comparison and make conclusion. For example, is the area of Ub FK2 foci correlates with area of 53BP1 foci, what about the number and intensity of the foci, and what about Ub K63 foci (see comments on figures)?
The authors proposed that POH1 is required for NHEJ repair. While 53BP1 is required for NHEJ as previously established, however increased accumulation of 53BP1 caused by POH1 deficiency also led to ineffective NHEJ. Thus it is not clear how POH1 is required for NHEJ. The authors also found that POH1 is required for HR. They suggested that POH1 interacts with BRCA2 and is required for DSS1 localization to DNA damage sites. Inhibition of POH1 led to decreased DSS1 localization and Rad51 recruitment. The authors suggested that POH1 DUB activity is required for its localization to DNA damage sites and POH1 DUB mutant failed to interact with BRCA2 and DSS1. However it was not shown whether POH1 DUB activity is required for DSS1 or Rad51 recruitment. Thus it is not clear how POH1 DUB activity and processing of K63 polyUb is related to DSS1 and Rad51 recruitment.
Overall, a lot of evidence shown to support the conclusion was only circumstantial. More direct evidence is needed and in some cases better quality of data is necessary to delineate the function of POH1 and the 19S regulatory particle at DNA damage sites.
Comments on figures:
Figure 1, 1B, "RLU" is not defined. It's not clear whether it represents Ub levels, intensity of Ub foci or number of Ub foci? 1B, in the absence of damage, the increase of Ub foci was not apparent in POH1D 1E, Flag-tagged POH1 or POH1-JAMMm interacts with PSMD4, what about other subunits of the 19S lid and base? 1F, why is RNF4 involved?
Supplemental figure 1D , although RT-PCR results indicated that POH1 was knocked down efficiently by both siRNAs POH1F and POH1D, the western blot showed that siPOH1D was not significantly knocked down. The quantification is needed to show how much protein level was knocked down with POH1D since POH1D si produced a quite significant phenotype that was comparable to POH1F. 6F, the quality of data is bad, it is hard to compare due to the high background, and it is hard to believe that one can quantify from such a quality of data 6H, the authors need to have better quality of data to show BRCA2-POH1 interaction.
Referee #3
In this manuscript Butler et al identify POH1 as a Dub involved in the repair of DSB as part of the 19S subunit of the proteasome. They show that POH1 is recruited to sites of DSB dependent on prior ubiquitination at these sites. The authors also provide evidence that POH1 influences repair of DSB by both NHEJ and HR. They conclude that the 19S proteasome participates in repair of DNA damage by processing ubiquitin modifications that occur in response to DSB. Moreover, in HR this function serves to promte the recruitment of DSS1 which in turn facilitates loading of the Rad51 recombinase.
The mechanisms used by cells to signal and repair DSB are important and complex but poorly understood. The current investigation by Butler et al makes several new and interesting observations in this area. The demonstration that POH1 is recruited to DSB and influences repair of these lesions is novel. The specific contribution of this DUB to ubiquitin chain homeostasis at DSB is also new.
Overall the manuscript is clearly written and rich in data. The authors follow several avenues to investigate the mechanism through which, the DUB activity of POH1 impinges on DSB repair. However, the complexity of the signaling process, involving several different ubiquitin modifications, limits the conclusions that can be drawn about the mechanistic contribution of ubiquitin processing in the repair of DNA breaks. While the authors do hypothesize that POH1 contributes to HR by promoting recruitment of the BRCA2 associated protein DSS1, the data supporting this assertion are not particularly convincing.
General Points:
The conclusions of this manuscript rely heavily on analysis and interpretations of nuclear foci. In many cases the visual representations were not convincing and did not obviously reflect the quantitative data. This may well be an issue of reproduction but the reader is required to take a lot on trust. Perhaps live imaging using laser-induced damage to measure the dynamics of ubiquitin processing might shed additional light on this process, although this technique too, has its limitations.
The figure legends are generally poor, providing insufficient information to explain the experiments. For example a description of the NHEJ assay is almost absent and cannot be reconstructed from the brief notes in the methods section.
The labeling is poor on a number of figures.
Specific points:
In figure 1B , what is RLU and what is actually being scored? Fig 1E shows IP of exogenously expressed POH1. Given that proteasome subunits may be found in multiple complexes it would be more informative to see the association of endogenous POH1 with PSMD4 and a reverse IP to avoid artifacts of overexpression.
The enrichment in chromatin precipitation experiments in Fig 3 and 6 are not very convincing.
In the text on page 4 the authors refer to the anticipated role of RNF4 in DNA repair but provide no reference or explanation. This ought to be clarified.
Expression of a POH1 JAMM-M mutant has a dominant negative effect leading to increased 53BP1 foci. However, the images for this are not convincing. The 53BP1 protein in these cells no longer resembles discreet foci. Better images ought to be provided (Fig 4D) .
The authors comment on the altered quality of the 53BP1 in the absence of functional POH1. However when it comes to quantifying the accumulation of 53BP1 foci they treat all foci alike. How can they be sure that they are comparing/quantifying the same structures?
For NHEJ assays the data are presented as % GFP expressing cells with 100% of the control expressing GFP. These data should be scored with actual percentages of % GFP and not relative to the control. The same for HR assays in Fig 6. On page 6, I could not understand the meaning of the sentence at the end of paragraph 1, beginning "taken together....'. I think I know what the authors are trying to say but it currently does not make sense. Fig 4B. The legend was not clear. I presume that the third panel down has been performed using anti H2A antibody. In which case how do the authors validate the upper band as ub-H2A. If they have used anti ub-H2A antibody, why is free H2A visible. What reagent was used to detect the poly ub-H2A in this figure? Figure 6F is not clear and consequently not convincing.
The final point concerning localization of the 19S was not clear. BRCA2 interacts with POH1 upon DNA damage, but depletion of POH1 does not affect BRCA2 localization to nuclear foci? Clearly I do not understand, so the point needs to be made clearer. The scale bar is shown -demonstrating that the cell sizes are equivalent. Agreed the background is higher -this has been reduced. In the case of RNF8 depletion this was a reproducible effect of RNF8 knock down on PSMC5.
2) Fig 4B is We have tried without success to establish the NHEJ substrate in 53BP1-/-MEFS.
In an attempt to test our finding from different perspectives we have examined the impact of POH1 depletion in RNF8 and RNF168 depleted cells. These results also show a restoration of NHEJ repair on POH1 depletion, confirming the 53BP1-depletion results and correlating with the impact of POH1 on 53BP1 accumulations at sites of damage. Although the main conclusion of our paper is that POH1 acts in opposition to RNF8/168 ligases to restrain 53BP1 accumulation and end-joining, we make the point in the discussion that the reasons for the restricted end-joining measured using the endonuclease-mediated lesions are many. These include an increase in long-distance end-joining that might, as a consequence, give reduced read -out of our assay. In addition we have examined the localisation of NHEJ factors pDNA-PKcs and Artemis immediately after irradiation. These experiments suggest POH1 depletion causes a fault in NHEJ recruitment, although extensive investigation of the fault is beyond the story in this manuscript, these data are consistent with an altered end-joining mechanism in these cells.
4) The authors again speculate in Fig 5 that increased K63-Ub from Poh1 KD is different than the K63-Ub used to attract RAP80, therefore resulting in elevated 53BP1
. This is again overly speculative. It is sufficient to simply present the data without so much speculation.
Agreed, we did indulge in too much speculation. This is actually not the main point of the paper and has been removed -leaving the speculation until the very end.
5) It is interesting that the Poh1 JAMM mutant maintains interaction with its known partners, but shows reduced DSB localization. How does this happen?
This is described in the paper -our data suggests that conjugate trapping by the JAMM mutant prevents association with new conjugates.
6) Why are BRCA2 levels increased in JAMM mutant cells (Fig 6H)? In addition, the postdamage IP between Poh1 WT and BRCA2 is not convincing and should be repeated.
It is possible that BRCA2 is degraded through the proteasome, although this increase in BRCA2 is not observed in POH1 depleted cells.
To examine whether the POH1 interaction with BRCA2 (and DSS1) relates to DNA repair protein interactions we have also now blotted for BRCA1 (which is partially required for 19S enrichment to sites of DNA damage) This too bound to POH1-WT, but not JAMM mutant 19S particles. Although these data support the view that DUB activity is required for interaction with DNA repair proteins in HR we point out that another explanation is that these proteins could be destined for degradation. We have tested whether DSS1 expression can rescue RAD51, which it can. Thus our data supports the view that RAD51 loading is the main fault in POH1 depleted cells.
Referee #2
The authors proposed that the 19S proteasome regulatory particle is recruited to DNA damage sites and is required for lysine 63 (K63) We have shown that a base and lid subunit of the 19S (which comprises base and lid sub-complexes) recruit to sites of DSBs. In theory it is possible that this represents two sub-complexes, recruiting separately. In response to this question (and a similar question from another reviewer) we sought to functionally assess the contribution of other portions of the proteasome on 53BP1.
Our new data show that the 20S is part of the activity to restrain 53BP1 spreading. Since the lid is linked to the 20S via the base this strongly suggests that the 19S is present in the context of the 26S proteasome.
Second, is POH1 or the 19S directly involved in processing K63 polyUb?
The author showed that knocking down POH1 led to increased polyUb foci formation and K63 foci formation, however this could be through indirect effect.
We now show direct evidence that 26S proteasome requires a metalloprotease activity to process K63-Ub on chromatin. POH1 is the only metalloprotease in the proteasome. As above -we have removed the H2A-Ub blot in favour of direct evidence of POH1 activity on K63-linked chromatin.
What about K48 polyUb since RNF8 also initiates K48 polyUb formation?
We have shown that K48-linked chains are not relevant to 53BP1 accumulation in the presence of proteasome dysfunction.
Finally, how 53BP1 accumulation is affected by POH1 deficiency and how it is related to K63 polyUb formation?
We have shown that POH1 acts to restrict two areas required to promote 53BP1 accumulation: eviction of a protein capable of competing for H4K20me2 and K63-Ub. Precisely how the K63-linkage specifically regulates 53BP1 accumulation is a subject for another paper. As in our previous manuscript we show that the generation of ubiquitin chains relates to proteasome recruitment, that the DUB activity of POH1 is required for its correct localisation of POH1 and that POH1 is required for DSS1 enrichment. We do not directly make the link that K63 -poly-Ub relates directly to DSS1 and RAD51, it may relate to Ub-binding by another ligase (all the ligases that recruit subsequent to RNF8 are RNF8 dependent).
Comments on figures: Figure 1, 1B, "RLU" is not defined. It's not clear whether it represents Ub levels, intensity of Ub foci or number of Ub foci?
We apologise for this oversight, RLU was defined in the Supplemental Figure and is also now defined in the figure legend.
1B, in the absence of damage, the increase of Ub foci was not apparent in POH1D 1E, Flag-tagged POH1 or POH1-JAMMm interacts with PSMD4, what about other subunits of the 19S lid and base?
Now shown.
1F, why is RNF4 involved?

Removed
Supplemental figure 1D, although RT-PCR results indicated that POH1 was knocked down efficiently by both siRNAs POH1F and POH1D, the western blot showed that siPOH1D was not significantly knocked down. The quantification is needed to show how much protein level was knocked down with POH1D since POH1D si produced a quite significant phenotype that was comparable to POH1F.
Knockdown now quantified.
Figure 2, the experiment was done with 5Gy, at 1h, increased number of 53BP1 foci/cell is shown. How is this related to Ub foci? The FK2-Ub was measured with RLU (Fig1B), foci intensity (Fig1D) but not foci/cell.
This is not quantified because in some cells more FK2 foci are indeed apparent, but in others the FK2 foci are so large as to melt into one another actually reducing the number of discrete foci and making any quantification across large numbers of cells difficult (this is well illustrated in the new Fig 1C) .
Fig3A, BRCA1si led to decreased PSMC5 foci (recruitment)? Why?
Presumably BRCA1 as an ubiquitin ligase is partially required as part of the recruitment. Certainly this interpretation is consistent with our data indicating that POH1 interacts with BRCA1 on HU.
Figure 3A and Supplemental fig 3, POH1 and PSMC5 partially colocalized with H2AX. Does POH1 colocalize with PSMC5 (is the intact 19S recruited?)
We have shown that a base and lid subunit of the 19S (which comprises base and lid sub-complexes) recruit to sites of DSBs. In theory it is possible that this represents two sub-complexes, recruiting separately. In response to this question (and a similar question from another reviewer) we sought to functionally assess the contribution of other portions of the proteasome on 53BP1.
Figure 4, 4A, time point of staining, it is important to know since the authors proposed that POH1 antagonize acute 53BP1 accumulation (IR, 1hr) but had minimal effect at later time points 4B, what about K63 polyUb?
This figure is now labelled better labelled. K63-Ub also labelled more clearly.
4D, Does overexpression JAMM mt increase 53BP protein level?
Yes slightly. But POH1 depletion does not and nor is the half-life of 53BP1 changed by POH1 depletion. We have made investigations into the possibility that 53BP1 protein levels may be responsible for the effect we see and can conclude that they do not.
4E, does # of Ub foci/cell correlate with the 53BP1 foci/cell curve?
See comment above about Ub-conjugate foci counting.
4G, it looks like the POH1 lane was spliced together, is that true?
Yes it was loaded in the wrong order (the lines were added to illustrate that the blot had been spliced) -in the new submission the blot has been re-run.
Figure 5 5C, time of stain is not clear. In addition the authors should use BRCC36si instead of Rap80si to eliminate the DUB activity of BRCC36 complex since Rap80 may have function independent of the BRCC36 complex.
Time described. We have examined BRCC36 depletion as the reviewer requested. This revealed a similar relationship with POH1 on 53BP1 as RAP80. Supplemental Fig5A and 5B, again, the authors used foci area and foci/cell to measure BRCA1 recruitment where the referenced paper (Jacquemont & Taniguchi, 2007) used % of cell forming foci to measure BRCA1 recruitment.
In an effort to remain consistent diameter is used. 
6E, is DSS1 protein level down in POH si cells? If not, why overexpression of DSS1 rescue HR deficiency, does it promote Rad51 foci formation?
We cannot be completely sure about whether DSS1 expression is down or not in POH1 depleted cells as we cannot immunoblot for this small acidic protein. We have tried several methods, including that published for this protein, without success (the problem of immunoblotting for this protein is previously reported for his nucleotide-like protein). This is why we tested the impact of POH1 on the expression of very low level expression of exogenous protein (the tag making its overall pH more amenable to blotting). The exogenous protein was unaffected -still we cannot be sure the endogenous protein is also unaffected. Yes, DSS1 over expression does rescue RAD51 foci. This presumably functions in the same way that over-expression of RAD51 can rescue BRCA2 deficiency (even though RAD51 is not decreased in BRCA2 deficient cells), by promoting the deficient step.
6F, the quality of data is bad, it is hard to compare due to the high background, and it is hard to believe that one can quantify from such a quality of data 6H, the authors need to have better quality of data to show BRCA2-POH1 interaction.
We agree and have repeated this. Over-expressed POH1, like expression of all proteasome subunits gives a largely cytoplasmic localisation. These data are supported by the ChIP analysis so that our conclusions are not solely based on the immunofluorescence experiment.
Referee #3
In this manuscript Butler et al identify POH1 as a Dub involved in the repair of DSB as part of the 19S subunit of the proteasome. They show that POH1 is recruited to sites of DSB dependent on prior ubiquitination at these sites. The authors also provide evidence that POH1 influences repair of DSB by both NHEJ and HR. They conclude that the 19S proteasome participates in repair of DNA damage by processing ubiquitin modifications that occur in response to DSB. Moreover, in HR this function serves to promte the recruitment of DSS1 which in turn facilitates loading of the Rad51 recombinase.
The mechanisms used by cells to signal and repair DSB are important and complex but poorly understood. The current investigation by Butler et al makes several new and interesting observations in this area. The demonstration that POH1 is recruited to DSB and influences repair of these lesions is novel. The specific contribution of this DUB to ubiquitin chain homeostasis at DSB is also new.
Overall the manuscript is clearly written and rich in data. The authors follow several avenues to investigate the mechanism through which, the DUB activity of POH1 impinges on DSB repair. However, the complexity of the signaling process, involving several different ubiquitin modifications, limits the conclusions that can be drawn about the mechanistic contribution of ubiquitin processing in the repair of DNA breaks. While the authors do hypothesize that POH1 contributes to HR by promoting recruitment of the BRCA2 associated protein DSS1, the data supporting this assertion are not particularly convincing.
The conclusions of this manuscript rely heavily on analysis and interpretations of nuclear foci. In many cases the visual representations were not convincing and did not obviously reflect the quantitative data. This may well be an issue of reproduction but the reader is required to take a lot on trust. Perhaps live imaging using laser-induced damage to measure the dynamics of ubiquitin processing might shed additional light on this process, although this technique too, has its limitations.
We hope the additional images and data provided in the new manuscript mean that less is needed to be taken on trust.
The figure legends are generally poor, providing insufficient information to explain the experiments. For example a description of the NHEJ assay is almost absent and cannot be reconstructed from the brief notes in the methods section.
In an effort to keep to word limits the legends were kept brief. These have now been changed to explain better.
The labeling is poor on a number of figures.
Specific points:
In figure 1B, Fig 1E is there to show whether the exogenous POH1 can incorporate into the proteasome and must therefore include exogenous POH1. I am unaware of any literature that describes POH1 activity outside of the proteasome. Fig 3 and 6 are not very convincing.
The enrichment in chromatin precipitation experiments in
These levels are similar to other reports using similar techniques, for example: (Berkovich E, Monnat RJ, Jr., Kastan MB (2008) Assessment of protein dynamics and DNA repair following generation of DNA double-strand breaks at defined genomic sites. Nat Protoc 3: 915-922 ).
Removed
Alternative images now provided.
The authors comment on the altered quality of the 53BP1 in the absence of functional POH1. However when it comes to quantifying the accumulation of 53BP1 foci they treat all foci alike. How can they be sure that they are comparing/quantifying the same structures?
We have differentiated foci in stages of the cell cycle using cyclin A expression and thus have differentiated between those in G1 and S/G2. We have also examined 53BP1 foci with regard to the gH2AX mark.
For NHEJ assays the data are presented as % GFP expressing cells with 100% of the control expressing GFP. These data should be scored with actual percentages of % GFP and not relative to the control. The same for HR assays in Fig 6. We have found that inter-experimental variation is best negated using the Non T control as a denominator. The legend has been changed to demonstrate that the 100% does not suggest that all the cells are GFP positive. We now show direct evidence that POH1 (the only metalloprotease in the proteasome) can directly process K63-Ub on chromatin. We have removed the H2A-Ub blot in favour of direct evidence of POH1 activity on K63-linked chromatin.
Figure 6F is not clear and consequently not convincing.
We agree with the comment and have repeated this. Over-expressed POH1, like expression of all proteasome subunits gives a largely cytoplasmic localisation. These data are supported by the ChIP analysis so that our conclusions are not solely based on the immunofluorescence experiment.
The final point concerning localization of the 19S was not clear. BRCA2 interacts with POH1 upon DNA damage, but depletion of POH1 does not affect BRCA2 localization to nuclear foci? Clearly I do not understand, so the point needs to be made clearer.
The point has been made clearer in the text of the article and in the inclusion of a model. Thank you for your patience while the resubmission of your previously reviewed manuscript EMBOJ-2011-80787 was evaluated once more by the three original referees, as well as by a fourth referee that had also seen both versions of the co-resubmitted manuscript. I am pleased to inform you that all referees consider the study significantly improved and now in principle suitable, pending addressing of a limited number of specific issues (see comments below). Most of the remaining concerns relate to aspects of presentation and/or interpretation/discussion; among the few experimental suggestions of referee 2, I would not insist on the last point (although any data you may already have to answer this point would certainly be a valuable addition), while the request related to Figure 4 (comparing JMJD2A retention upon MG132) would appear useful also in relation to referee 1's question regarding the JMJD2A data. Concerning presentation and interpretation, please make sure to incorporate the various specific points raised by the referees (especially referees 2 and 4); while further streamlining/shortening of the paper is in my opinion not essential.
In the final re-revised manuscript, please make sure to also address the following editorial issues: -please carefully revise the reference list according to EMBO Journal reference format guidelines, making sure that all references are complete and removing duplicate citations Figure 9 ? -for production purposes, please revisit the manuscript figures and ensure that the supplied image files (especially blot and micrograph panels) are of sufficient high quality and resolution. I also notice that labeling and arrangement of figure panels could be improved, see e.g. in Figure 7E .
I am therefore returning the manuscript to you at this stage for a final round of minor modification, hoping that once we will have received your final version we should then be able to swiftly proceed with its formal acceptance and production.
Yours sincerely,
Editor
The EMBO Journal
This revised manuscript has substantially improved, both in the quality of the data and in the writing. The authors demonstrate Poh1 DUB contributions to limiting K63-Ub and 53BP1 DSB localization. In addition, Poh1 contributions to end joining, HR, and responsiveness to different forms of DNA damage are described.
The study should provide an important contribution to the filed by implicating Poh1 as an important DUB that counteracts RNF8 and RNF168 dependent ubiquitination. Of interest is the finding that Poh1 activity seems to promote JMJD2A association with chromatin. Surprisingly, Poh1 KD reduced JMJD2A chromatin association and this was concluded to explain in part the increased 53BP1 foci intensity. No obvious explanation was provided to explain the finding. While a mechanism is probably beyond the scope of this study and should therefore not be required for publication, the authors should at least acknowledge that they don't know how Poh1 affects JMJD2A chromatin association and state that it will be important for future study.
A second minor criticism is the length of the ms. I believe that several figures could be consolidated to make this a 7 figure paper instead of a 9 figure paper. Many of the siRNA controls could be moved to supplement to accomplish this.
Referee #2
Butler et al, EMBOJ "The proteasomal de-ubiquitinating enzyme POH1 promotes the double-strand DNA break response"
The authors identified POH1, a DUB in the 19S proteasome regulatory particle is required for processing polyUb conjugates formed at DSBs. They found that depletion of POH1 led to increased formation of K63-linked polyUb as well as increased 53BP1 accumulation at DNA damage sites. The authors showed that POH1, and several other 19S regulatory particle subunits are recruited to DNA damage sites in a RNF8/RNF168 dependent manner. They propose that the DUB activity of POH1, as well as the proteasome activity antagonized the RNF8/RNF168 mediated K63-polyUb conjugation promoting efficient DNA repair through both the NHEJ and HR pathway. The authors showed that POH1 depletion led to removal of JMJD2A which inhibits 53BP1 accumulation at DSBs through binding to H4K20me2 with a much higher affinity. The excessive accumulation of 53BP1 had a negative impact on NHEJ possibly through affecting Artemis recruitment. In addition, the authors suggested that POH1 is involved in HR through promoting Rad51 loading possibly through mediating DSS1 enrichment at DSBs. The revised manuscript has improved significantly in data quality and quantification for much convincing data. The research has gone further to understand the mechanisms underlying the initial observation of POH1's role in 53BP1 accumulation and DNA repair. The research is original and novel. It provided new insights into the dynamic Ub modification at DSBs and subsequent DNA repair mechanisms. I only have some minor points for the authors to consider. Figure 5B
The authors should include Molecular weight marker for the Ub blot. It looks all Ub conjugates not just high molecular weight poly-K63-Ub conjugates are inhibited in the sample treated with 1,1--phen. Figure 6F , si POH data is not shown.
The authors suggested it is the entire proteasome recruited to DSBs processing K63-polyUb affecting 53BP1 recruitment since they have tested subunits from lid, base and 20S core particle as well as treatment with a proteasome inhibitor MG132. The question is whether POH1 function is the same as proteasome activity in K63poly Ub processing. Proteasome activity is involved in processing other Ub linkages and its effect in 53BP1 accumulation could rather be indirect. It would be clearer if the authors could assess the effect of MG132 or PSMA6 (a component in the core particle) si directly in K63-Ub foci formation ( Figure 5A ) or rescue of 53BP1 foci in RNF8/RNF168 deficient cells (Figure 3 ).
Referee #3
Butler et al have revised their manuscript, improving the data and removing/clarifying confusing areas. This work is undoubtedly interesting. It has two general limitations. Firstly, its conclusions largely based on inference from IRIF and generally lacks sufficient functional data. Secondly it seeks to say too much. There are two or more manuscripts in this work if several of the observations are developed in more detail. Nevertheless the role of POH1 and the proteasome in deb repair is worthy of an audience and this manuscript does add several interesting observations.
Referee #4
This manuscript provides the first indication that the DUB POH1 influences DNA break metabolism in mammalian cells. In combination with the back-toback submitted manuscript this is an important funding for the genome maintenance field.
In general the authors responded satisfactorily to the comments raised in the previous round of review. A few more issues to address: Page 16. The authors state that POH1 catalytic activity is required for normal HR repair. This is based on the data shown in Figure 8 A. What we see there is that down regulation of POH1 reduces recombination efficiency a bit (it should be kept in mind that although the graph list HR as up to 100% of cells, that actually represent a very tiny fraction of all cells in the assay). As stated it implies that the remaining HR is through a abnormal pathway, which might be the case but this is not at all addressed in the paper. Form the provided data it can stated that POH1 influences HR, but not that it absolutely required. Adjust manuscript accordingly.
The statement that POH1 has a role prior to RAD51 nucleoprotein filament formation should be removed. There is no evidence that links RAD51 nucleoprotein filament (as observed biochemically) to RAD51 foci observed in cells. Many proteins that do not form filaments still accumulate to form foci. Please find submitted an update of our manuscript EMBOJ-2012 -82012R (previously EMBOJ-2011 following its recent review. You asked us to address a limited number of specific issues and presentation/ discussion/editorial items. We have been through each of these which I've outlined in the point by point also submitted.
We have undertaken the experiment requested by the reviewer. The results of this experiment support our other findings, and those of the previous publication by Mallette et al that the reviewer was referring to (see the point-by-point for more detail). The data is included as a separate file to you as we consider this experiment has draw backs that preclude its inclusion in the manuscript proper (even as supplemental information). In order to mirror the siRNA experiments we incubated cells with MG132 over a time course. The impact is clear -but the conclusion that this is direct effect of proteasome dysfunction, particularly at later time points, is not certain as cells at these times are quite sick. We would have no objection to this data being included in the communication history (perhaps with this letter).
In addition the duplicate citations are removed, all supplementary information can be found in a single PDF and the model figure (SI 12) is now figure 10 of the main manuscript. Please also find in the submission scanned signed license to publish and page charge authorisation and offprint form.
------------------------------------------------Referee #1
This revised manuscript has substantially improved, both in the quality of the data and in the writing. We have done the experiment requested and examined the impact of MG132 on JMJD2A in cells expressing exogenous ubiquitin (to overcome the reduced ubiquitin availability on MG132 treatment). Under these conditions JMJD2A is also reduced from chromatin. Thus degradation is not required for JMJD2A eviction rather these experiments support the view that the proteasome has a maintenance role, consistent with the findings that POH1 is required to maintain JMJD2A on chromatin. It is worth noting that this result also suggests that JMJD2A eviction and degradation are two separate events. This two-step possibility was also put forward by Mallette et al., in that they demonstrated that JMJD2A mobility was increased by RNF8, presumably occurring as it is released from chromatin but before it is degraded. (Mallette, F. A. et al. RNF8-and RNF168-dependent degradation of KDM4A/JMJD2A triggers 53BP1 recruitment to DNA damage sites. The EMBO journal 31, 1865-1878, (2012) .
Figure 5B Added.
Supplemental Figure 9D . Add space between 10 and µM Added.
Supplemental Figure 9D . Add space between 3 and mM Added.
Supplemental Figure 11 . Legend, add space between 10 and µM Added.
Supplemental Figure 11 . Legend, add space between 3 and nM Added.
Supplemental Figure 11. Legend, there is a bold period between DSS1 and 293T
Font changed.
Many thanks to this reviewer for communicating these errors.
